ABSTRACT
INTRODUCTION
Overhead high voltage transmission lines are the major source which produces manmade extremely low frequency (ELF) electromagnetic fields. Along with natural ELF EMF these manmade fields also falls under the category of non ionizing radiations. Exposure to alternating electric and magnetic fields induce electric fields inside the human bodies. The magnitude of internally generated fields is different for external electric and magnetic fields. Their magnitude also depends upon varying values of dielectric properties of complex human body organs. The distribution of the internal fields induced by these two types of fields is different, but at cellular level no fundamental difference was observed [1] . Interaction of internal fields with human body can produce certain biological variations. The very first association between ELF exposure and human health was shown in 1979, which associated increased risk of childhood leukemia to persons living near power lines [2] . Since then huge studies were conducted to determine the biological effects of occupational and residential exposure. Certain studies have shown the positive association of health effects and ELF exposure. The International Agency for Research on Cancer (IARC) has classified ELF magnetic fields as, "Possibly Carcinogenic to Humans" [3] [4] . International organizations like IEEE, international commission on non ionizing radiation and protection (ICNIRP) has recommended certain limits for these exposures. For controlled environment external exposure limit for electric field is 20 to 25kV/m and for magnetic field it is 1 mT to 2.71 mT. General public exposure limit is 5kV/m to 12kV/m for electric field whereas it is 0.1mT to 1.6mT for external magnetic field. However levels of ELF fields beyond certain limit may result in harmful effects. Various analytical and numerical methods have been developed in previous years to determine the internally induced fields. Internal distribution of induced fields in various organs can be observed by the realistic developed model of human body. Numerical methods along with human body models allow minute simulations of low frequency dosimetry considering exposure to low frequency EMF sources. Various numerical methods have been used for such simulations, including finite element methods (FEM), integral equation (IE) methods, finite difference (FD) techniques, the impedance method, finite difference time domain (FDTD) methods, and inverse admittance methods [5] .These highly sophisticated numerical methods are used for internal field calculations along with simplified human body models with varying values of dielectric properties [6] [7] [8] [9] . Some dosimetry computations represent the human body using various geometric shapes with single conductivity value for calculations [10] [11] [12] [13] [14] [15] . In these studies, the electromagnetic fields impacts on the people staying near the high voltage transmission lines have been examined. The results of these studies motivated the author to look for relationship between exposure to electric and magnetic field from high voltage transmission lines and its effects on human beings.
In this paper exposure assessment was carried out around 132 kV, 50 Hz high voltage transmission line. The reason of selecting this particular line is that, it is one of the most common transmission lines passing near to the roads, fields and other utilities. It has been observed that even after recommended regulations there is ample growth of residential colonies in proximity to these lines. This safety assessment study is a small step to provide information to peoples in close proximity, health workers and regulatory agencies. Measurement results of induced electric fields and current densities due to the external electromagnetic fields around 132kV power transmission line are presented here. Dual Function -Gauss/Tesla meter was used for measurement of external fields. Internal fields were calculated with the help of ellipsoid human body models. The paper is organized as follows; initial part discusses the recommended exposure limits, measurement of external fields and site selected for measurement followed by ellipsoid human body model and internal field calculations. The last part deals with result and finally conclusions are drawn.
EXTERNAL ELECTROMAGNETIC ENVIRONMENT
Assessing impact of external electromagnetic fields around 132 kV lines deals with reviewing the limits set by various organizations for external exposure and site selection with external field measurements.
External Exposure Limits
Exposure of electromagnetic fields on biological matter at extremely low frequency is the prime concern for determining the safe levels. As a result of cumulative research on interaction issue, many international organizations have developed guidelines and safe standards for such permissible exposure levels. Maximum exposure limit of electric field for controlled environment and general public normally range from 10 to 25 kV/m and 5 to 12 kV/m respectively [16] . Magnetic field exposure limits range between 0.5 to 2.71 mT for controlled environment and 0.1 to 1.6 mT for general public. Summary of exposure limits is given in table I. The purpose of this tabular data is to compare the maximum values of electric and magnetic fields obtained during survey with said exposure limits. 
Problem Formulation
The living organisms, in close proximity to high voltage transmission lines are exposed to ELF electromagnetic fields. Interaction of ELF fields with living organisms and their biological effects is a matter of research with expansion in electric power generation, transmission and distribution network. As a first step towards establishing a link to determine the exact mechanism of such interaction, external electromagnetic fields are to be measured.
High voltage transmission lines are usually found along highways. Peoples passing/residing in close proximity to high voltage transmission lines and hotline workers are the two major community sections which experiences exposure to ELF electromagnetic fields. Hotline workers are quite aware about the facts and safeguards relating to exposure issue. Common community members usually have belief that electricity can be fatal only upon direct contact. However, occupational and residential exposure to ELF fields can be a matter of human health without physical contact with high voltage transmission lines. Various countries have already established standards for minimum safe clearance between power lines and any type of establishments. This distance depends on the voltage of the power line. Importance of this distance is that the strength of these fields diminishes rapidly with distance from source. The recommended distance for 132 kV line is about 15 to 20 m [17] [18] . However there are several reports were published indicating possible link between exposure to ELF and leukemia [19] , miscarriage risk [20] and neurodegenerative diseases [21] even with a greater distance than recommended one.
To our knowledge, majority of the studies related to proximity effects were applied to hotline workers and maintenance persons. The study report conducted by Department of Health of Republic of South Africa [22] , have classified human population, which experiences exposure in two types. One is the occupationally exposed population which consists of adults who are generally exposed to EMF under known conditions during the normal course of their particular employment. This group is trained to be aware of the potential risk and to take appropriate precautions. While the second group is of general public, this comprises individuals of all ages and of varying health status and may include particularly susceptible groups or individuals. In many cases, members of the public are unaware of their exposure to EMF. Moreover, individual members of the public cannot reasonably be expected to take precautions to minimize or avoid exposure [22] . These considerations caused the author to formulate the problem with calculation of induced internal fields in humans which experiences residential exposure from 132 kV lines. The detailed literature review with concerned topic raised some questions concerning the geographical location in which community member's experiences long time exposure. The present study analyses:
a) The levels of external and internal exposure in people residing in close proximity to high voltage transmission lines. b) Variation in levels of these fields for different gender and age. c) The level of fields when the recommended minimum safe clearance is overcome. Datasets generated at the end of the study will also help to understand about the intensity of these fields outside and inside the human body. Values of fields obtained during the study can further be used to investigate the direct and indirect effects of ELF EMF fields on other species along with humans.
Field Measurements
To conduct study on proximity effects, a double circuit high voltage transmission line was selected. This line spans from Deepnagar to Pachora in Jalgaon region of Maharashtra, India. We have scanned the entire area through which this line passes and finally selected a colony, which is built on both sides in close proximity to the transmission line. The houses are built parallel to the transmission line. This site is the best example where community members are exposed to ELF EMF, while performing their daily routine.
The selected line ran East-West. External field measurements were carried out at six different scenarios. At every 5 meters along the span, 5, 10 and 15 meters to the North of the span and 5, 10 and 15 meters to the South of the span. The measurement locations were all along the same perpendicular crossing the transmission line.
Fig. 1 Selected Site for Measurement of Electromagnetic Field
External field measurements were conducted using ME3830B [23] . It is a dual function Gauss/ Tesla meter for AC electric and magnetic fields. This meter allows evaluation of the exposure caused by AC electric and magnetic fields based on standard measurement procedures and protocol recommended by IEEE. Four sets of readings were generated at the targeted locations consecutively at different period of time. The time slots selected were based on load conditions. The readings were recorded at an interval of 6 Hrs, starting from 6:00 am to 12:00 pm. The criterion for selecting the time slots was related to electricity consumption by general consumers and industries. The purpose of taking multiple readings was to improve reliability of readings with respect to daily load variations. Maximum readings out of above sets were considered for further calculations. The electric and magnetic field values were maximum during first time slot (6:00 am to 12:00 noon). The electric field strength obtained was varying from 0.317 to 1.947 kV/m whereas magnetic field strength varying between 912 to 1780 nT. The maximum values for both the quantities are at a distance of 170 m (sag)
INTERNAL INDUCED FIELDS
Induction of internal fields in biological bodies due to interaction with the external electric and magnetic fields is of great concern since last few years. This part of the paper deals with analyzing the internal induced fields in humans.
Body Modeling
There are no direct techniques available to calculate the internally induced fields in human body so various indirect techniques are used. Here analysis of whole body exposure to ELF EMF emanating from 132 kV HV transmission line is done. Homogeneous adult shaped ellipsoid models are used for the same.
Fig. 2 Ellipsoid Body Model
In close proximity to a HV transmission line the internal induced electric field in conducting object is given by [1] ,
Where: E T -Total induced electric field, E e -Internal electric field due to external electric field, E mag -Internal electric field due to external magnetic field.
Spheres, prolate spheroids, cylinder and rectangular solids are analytical models widely used to represent living organisms under ELF exposure conditions. As a tool for calculation of internal induced field studies each of these models is useful. However because of the generality, relative morphological realism and ability to provide solution in closed form ellipsoid model is the best alternative [15] . It is relatively simple and widely used technique for dosimetry related studies. This paper presents calculations of internal fields based on mathematical model comprising of an ellipsoid representing various size and shape of the body. Ellipsoid parameters for different age groups were considered [24] which are given in table II. Effects of external electric and magnetic field on biological bodies are the two separate issues in terms of interaction. So, two separate approaches were used to find their effects. 
.a. Electric Field
The relationship between the external undisturbed electrical field strength E O and the electrical field strength induced in the body tissue E e for ellipsoid model is expressed by [25] ,
Where: k-Field distortion factor, for Human beings (k= 13-18), ε o -permittivity of free space (vaccum). 
Where: f -frequency of the exposed Field, σ -Conductivity of tissue.
As human body is a complex structure, conductivity of different tissue is varying between 0.0002 to 2. In simple models the Human body can be treated as homogeneous taking conductivity of the tissue as 0.15 S/m [26] .
By using equations (1) and (3) internal induced current density due to the electric field was found.
3.2.b. Magnetic Field
The standard equation of an ellipsoid is, In human ellipsoid model the body parameter i.e. height, width and depth are defined by 2a, 2b and 2c respectively.
Considering magnetic field aligned to x-axis, the induced electric filed (Emag) in y-z plane can be given as, Where: β O -is magnetic field. From equations (1) and (6) internal induced current density due to magnetic field was found.
RESULTS
Calculation of internally induced fields needs the values of external fields in electromagnetic environment of 132 kV line. A detailed field survey was carried out along transmission line to generate this dataset. External Field measurements were performed at an interval of 5 meters along the span for six different scenarios. Figure 3 and 4 shows the values of fields in external electromagnetic environment. There is significant variation in electric and magnetic field strength with respect to change in distance from the line. The graph shows the electric and magnetic fields strength increases as we move towards the line and reduces as we move away from the line. Maximum values obtained out of the generated dataset are taken for internal field calculations. These values were taken as a worst case scenario along the span, for the calculation of the internal electric field and current densities induced internally in the human body using ellipsoid model.
Fig. 3 Graph of Measured Values of Electric Field

Fig. 4 Graph of Measured Values of Magnetic Field
The induced electric fields and current densities due to external electromagnetic fields are given in tables IV-VI. 
CONCLUSIONS
All the measured values of external electric and magnetic fields are below the recommended limits and can be considered to be at safe clearance level. Using simple coefficients and equations induced internal current densities in whole body for different body sizes is calculated. The induced current densities were calculated for the maximum values of external electric and magnetic fields, measured at the point of sag of 132 kV transmission line. The calculation results show that the internal measured quantities are also well below the recommended exposure levels by various organizations. However internal current density due to external electric field is 20 times more than that of internal current density due to external magnetic field. Apart from that total current density is highest (% as compared to all) for a person with round body and high proportion of fat among all age groups. So effect due to electric field and proportion of fat in human body can be the point of attention in near future. Even though these fields are well below the recommended limits as far as direct effect on human body organs is considered, next step of this research will be to analyze whether such low fields below 132 kV lines initiates a biochemical disorder in humans which leads to indirect effects such as anxiety and sleep disorders etc. ISSN 
